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Description 

The present invention relates to a sheath flow 
type photoanaiysis apparatus in which fluid carry- 
ing particles such a cells flow in laminar conditions 
surrounded by sheath fluid through a capillary tube, 
a light beam having a constant wave length is 
applied on the flow of the fluid carrying particles, 
and properties of the particles such as kind, size, 
number and shape are measured form strength of 
light scattering and/or fluorescence caused by the 
particles and, more particularly, to a sheath flow 
type photoanaiysis apparatus with means for cor- 
recting a position of the applied light beam for 
examination and the flow rate of the fluid carrying 
particles. 

-The present invention also relates to a method 
for corrcecting a position on which a light beam for 
examination is applied and for correcting flow rate 
of fluid carrying particles in photoanaiysis appara- 
tus. 

For example, US-patent No. 3,873,204 SCI- 
ENCE (Vol. 150, pp. 630-631, October 1965), and 
Rev. Sci. instrum. (Vol. 46, pp. 1021-1024, No. 8, 
August 1975) have disclosed the photoanaiysis ap- 
paratus in which fluid carrying particles such as 
ceils flow through a capillary tube in laminar con- 
ditions surrounded by the sheath fluid, a light beam 
having a constant wave length is applied on the 
flow of the fluid carrying particles, and properties of 
the particles such as kind, size, number and shape 
are measured from strength of light scattering 
and/or fluorescence caused by the particles. 

In the above-mentioned prior arts, flow of fluid 
carrying pilot particles such as control cells (for 
example, spherical cells such as blood of a chick- 
en) or reference particles (spherical artificial par- 
ticles) are subjected to optical measurement before 
the subject examination of particles starts and, 
from the result of the measurement an appropriate 
position on which the light beam for examination is 
applied is experientially determined. That is to say, 
since the flow rate of the fluid carrying particles to 
be examined is preset by utilizing the pilot particles 
which are different from the actual particles to be 
examined, the conventional method lacks reliability. 
Further, the operations for deciding the position on 
which the light beam is applied become thus te- 
dious and complicated. When a difference in posi- 
tion occurs between the position on which the light 
beam for examination is applied and the flow of the 
fluid carrying particles by any disturbance during 
the actual examination of the particles, it is almost 
impossible to correct such a difference in position 
with the examination being continued. 

In order to conduct the optimum optical mea- 
surement, it is necessary that the particles carried 
in the fluid flow through a spot of the light beam for 



examination. Thus, a width of the flow of the fluid 
carrying particles should appropriately be main- 
tained constant. The width of the fluid carrying 
particles depends on its flow rate. Accordingly, 

s there exists an optimum value to the flow rate of 
the fluid carrying particles in order to conduct an 
optimum optical measurement. Whereas, in the pri- 
or arts, the pilot particles are streamed prior to the 
examination of the particles to be examined and, 

70 the optimum value of the flow rate is supposed to 
be determined from the results of the optical mea- 
surement of the strength of light scattering and/or 
fluorescence caused by the pilot particles. Since 
the flow rate of the fluid carrying particles is deter- 

75 mined by the pilot particles different from the ac- 
tual particles to be examined, the prior art method 
has poor reliability. Further, the prior art method 
has a disadvantage that when a variation of the 
flow rate is occurred by any cause during the 

20 examination, it is not possible to correct the vari- 
ation of the flow rate during the examination. 

EP-A-0210343 discloses a flow cytometry ap- 
paratus for determining characteristics of particles 
flowing in a stream. A light source provides a beam 

25 of focused light to illuminate the particles moving in 
the stream. A beam steering member is positioned 
to adjust the focal point of the light beam on the 
particles by refracting the light beam to cause a 
displacement of the focal point. The beam steering 

30 member cannot be adjusted automatically. The 
flow rate of the stream cannot be controlled. 

The object of the present invention is to over- 
come the disadvantages of the prior art and to 
provide a sheath flow type photoanaiysis apparatus 

35 with improved control means. 

The present invention achieves this object with 
an apparatus according to the first claim and a 
method for correcting according to claim 4. 

A sheath flow type photoanaiysis apparatus 

40 according to the present invention is characterized 
in that it comprises marker pouring means for 
pouring markers into one of sheath fluid and fluid 
carrying particles in a flow-cell device, the markers 
emitting fluorescence or scattered light when said 

45 markers receive a light beam for correction; optical 
means for applying the light beam for correction to 
the markers in the flow-cell device to measure 
strength of fluorescence or scattered light caused 
by the markers to generate a signal for correction; 

so signal processing means for calculating from the 
signal for correction at least one of a difference in 
position between a center of the fluid carrying 
particles in the flow-cell device and a center of the 
light beam for examination and a difference in flow 

55 rate between a predetermined flow rate and an 
actual flow rate of the fluid carrying particles to 
generat correspondingly at least on of a com- 
mand signal for position correction and a command 
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signal for flow rate correction; and correspondingly 
at least one of first correcting means for shifting 
the center of the light beam for examination to the 
center of the fluid carrying particles in accordance 
with the command signal for position correction 
and second correcting means for correcting the 
flow rate of the fluid carrying particles in the flow- 
cell device to the predetermined flow rate in accor- 
dance with the command signal for flow rate cor- 
rection. 

In one embodiment of the present invention, 
the marker pouring means includes an opening 
opened in the flow of the fluid carrying particles; 
the optical means comprises a scanner with a 
scanner mirror which is disposed between a lamp 
and a condenser lens for oscillating the light beam 
for examination in crosswise direction of the flow of 
the fluid carrying particles within a predetermined 
angle, a first flat half mirror disposed between the 
scanner mirror and the condenser lens, the first flat 
half mirror permitting the light beam for examina- 
tion to pass therethrough and reflecting a light 
beam from opposite direction of the light beam for 
examination, a curved half mirror disposed between 
the first flat half mirror and the condenser lens, 
whose concave surface is faced toward the con- 
denser lens, the curved half mirror permitting a part 
of the light beam for examination to pass thereth- 
rough and reflecting a remaining part of the light 
beam for examination, a second flat half mirror 
disposed between an objective lens and a first 
photo-detector, which reflects only fluorescence or 
light scattering caused by the markers in the fluid 
carrying particles, and a second photo-detector for 
detecting the fluorescence or light scattering re- 
flected by the second flat half mirror to generate a 
signal for correction; the first correcting means 
comprising a scanner controller to control the scan- 
ner to change a center of the oscillation in accor- 
dance with said first command signal; and the 
second correcting means comprising a valve con- 
troller to control a flow control valve to correct the 
flow rate of the fluid carrying particles in the flow- 
cell device in accordance with the second com- 
mand signal. 

In another embodiment of the present inven- 
tion, the marker pouring means includes two open- 
ings respectively opened at each side of the flow of 
the fluid carrying particles in the flow-cell device to 
pour from these two openings different markers 
which emit fluorescence or light scattering whose 
wave lengths are different from each other; the 
second optical means comprises a mirror disposed 
between the lamp and the condenser lens, the 
mirror being rotatable so as to move the light beam 
for examination in crosswise direction of the flow of 
the fluid carrying particles, a diffraction grating 
disposed between the mirror and the flow-cell d - 



vice for separating two light beams for correction 
from the light beam for examination, the two light 
beams for correction respectively being applied on 
the markers, a flat half mirror disposed between the 

5 objective lens and the first photo-detector, the flat 
half mirror reflecting only fluorescence or scattered 
light caused by the markers in the sheath fluid, and 
a second photo-detector for detecting the fluores- 
cence or scattered light reflected by the flat half 

70 mirror to generate the signal for correction; the first 
correction means comprises a controller for moving 
the mirror in accordance with the first command 
signal; and the second correcting means comprises 
a valve controller to control the flow control valve to 

/s correct the flow rate of the fluid carrying particles 
in the flow-cell device in accordance with the sec- 
ond command signal. 

A method for correcting a difference in position 
between a center of flow of fluid carrying particles 

20 and a center of a light beam for examination in a 
sheath flow type photoanalysis apparatus according 
to the invention comprises: pouring markers which 
emit fluorescence or scattered light having a con- 
stant wave length when said markers receive a 

25 light beam; applying the light beam for examination 
of the flow of the fluid carrying particles; detecting 
strength of the fluorescence or scattered light caus- 
ed by the markers in the fluid carrying particles to 
generate a signal for correction; calculating a dif- 

30 ference in position between a center of the fluid 
carrying particles in the flow-cell means and a 
center of said light beam for examination and/or a 
difference in flow rate between a predetermined 
flow rate and an actual flow rate of said fluid 

as carrying particles in said flow-cell means to gen- 
erate correspondingly a first command signal for 
position correction and/or a second command sig- 
nal for flow rate correction; and correspondingly 
shifting the center of the light beam for examination 

40 to the center of said fluid carrying particles in said 
flow-cell means in accordance with said first com- 
mand signal and/or correcting the flow rate of said 
fluid carrying particles to the predetermined flow 
rate in accordance with said second command 

45 signal. 

A method for correcting flow rate of flow of 
fluid carrying particles in a sheath flow type 
photoanalysis apparatus according to the invention 
comprises: pouring makers, which emit fluores- 

50 cence or scattered light having a constant wave 
length when said markers receive a light beam, into 
the fluid carrying particles; oscillating the light 
beam for examination in crosswise direction of the 
flow of the fluid carrying particles within a predeter- 

55 mined angle (a). 

Another method for correcting flow rate of flow 
of fluid carrying particles in a sheath flow type 
photoanalysis apparatus according to the invention 
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comprises: pouring different markers, which emit 
fluorescence or scattered light having constant 
wave lengths different from each other when said 
markers receive a light beam, into a sheath fluid at 
each side of the flow of the fluid carrying particles, 
separating two light beams for correction from the 
light beam for examination by means of a diffrac- 
tion grating to respectively apply these two light 
beams on the markers at each side of the fluid 
carrying particles in such a manner that centers of 
the two light beams for correction are offset from 
centers of the flows of the markers opposite to 
each other, of the fluorescence or light scattering 
caused by the markers in the sheath fluid to gen- 
erate a signal for correction; calculating a differ- 
ence in position between a center of the fluid 
carrying particles in the flow-cell means and a 
center of the light beam for examination on the 
basis of the signal for correction to generate a 
command signal for position correction; and shift- 
ing the center of the light beam for examination to 
the center of the fluid carrying particles in accor- 
dance with the command signal. 

A method for correcting flow rate of flow of 
fluid carrying particles in a sheath flow type 
photoanalysis apparatus according to the invention 
comprises: pouring markers, which emit fluores- 
cence or light scattering having a constant wave 
length when received a light beam, into the fluid 
carrying particles; oscillating the light beam for 
examination in crosswise direction of the flow of 
the fluid carrying particles; detecting strength of the 
fluorescence or light scattering caused by the 
marker in the fluid carrying particles to generate a 
signal for correction; calculating a difference in the 
flow rate between a predetermined flow rate and an 
actual flow rate of the fluid carrying particles on the 
basis of the signal for correction to generate a 
command signal for flow rate correction; and cor- 
recting the flow rate of the fluid carrying particles 
to the predetermined flow rate in accordance with 
the command signal. 

Another method for correcting flow rate of flow 
of fluid carrying particles in a sheath flow type 
photoanalysis apparatus according to the invention 
comprises: pouring different markers, which emit 
fluorescence or light scattering having constant 
wave lengths different from each other when re- 
ceived a light beam, into a sheath fluid at each side 
of the flow of the fluid carrying particles; separating 
two light beams for correction from the light beam 
for examination by means of a diffraction grating to 
respectively apply these two light beams on the 
markers at each side of the fluid carrying particles 
in such a manner that centers of the two light 
beams for correction are offset from centers of the 
flows of the markers opposite to each other; detect- 
ing strength of the fluorescence or light scattering 



caused by the markers in the sheath fluid to gen- 
erate a signal for correction; calculating a differ- 
ence in flow rate between a predetermined flow 
rate and an actual flow rate of the fluid carrying 
s particles on the basis of the signal for correction to 
generate a command signal for flow rate correction; 
and correcting the flow rate of the fluid carrying 
particles to the predetermined flow rate in accor- 
dance with the command signal. 

w 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematically illustrated explanatory 
view showing one embodiment of a sheath flow 
75 type photoanalysis apparatus according to the 
present invention; 

Fig. 2 is a schematically illustrated plan view of 
a flow-cell device incorporated in the embodi- 
ment shown in Fig. 1; 

20 Fig. 3 is an enlarged view of an essential portion 
of the embodiment shown in Fig. 1, illustrating 
the operations of the photoanalysis apparatus, in 
which a condenser lens, the main body of the 
flow-cell device, a scanner and some others are 

25 conveniently omitted for clarification; 

Figs. 4-1 -a~e, Figs. 4-2-a-e, Figs. 4-3-a-e, and 
Fig. 4-4 are illustrative views and graphs, which 
explain a method for correcting a difference in 
position between a center of flow of fluid carry- 

30 ing particles and a center of a light beam for 
examination in the apparatus of one embodi- 
ment of the present invention, respectively; 
Figs, 5-1 -a-e, Figs. 5-2-a-e, Figs. 5-3-a-e, and 
Fig. 5-4 are illustrative views and graphs, which 

35 explain a method for correcting flow rate of the 
fluid carrying particles in the apparatus of one 
embodiment of the present invention, respec- 
tively; 

Fig. 6 is a schematically illustrated explanatory 
40 view showing another embodiment of the sheath 
flow type photoanalysis apparatus according to 
the present invention; 

Fig. 7 is a schematically illustrated plan view of 
a flow-cell device used for the embodiment in 
45 Fig. 6; and 

Fig. 8a and Fig. 8b are enlarged views of a 
portion A in Rg. 7, each showing an applying 
mode oflhe light beam for correction to the flow 
of markers in the sheath fluid. 

so 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

One embodiment of the sheath flow type 
55 photoanalysis apparatus according to the present 
invention will be described hereinafter with refer- 
ence to Figs. 1 - 5. 

A flow-cell device 6 includes two inlet openings 
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6a, 6b for sheath fluid 23. an inlet opening 6c for 
fluid 22 carrying particles formed between these 
two inlet openings and a fluid outlet opening 6d 
and the tluid 22 carrying particles is surrounded by 
the sheath fluid 23 and is made to flow through the 
flow-cell device 6 in laminar conditions. Connected 
to the inlet opening 6c for the fluid 22 carrying 
particles are a flow regulating valve 13 which con- 
trols a flow rate of the fluid 22 carrying particles 
and marker pouring device 10 which pours markers 
into the fluid 22 carrying particles. The markers are 
of fluorescence materials which emit fluorescence 
having a constant wave length different from those 
of fluorescence emitted by the particles in the fluid 
carrying particles when received a light beam. Up- 
per and lower surfaces of the flow-celt device 6 are 
transparent so that the light beam can pass 
through. On one side of the flow-cell device 6, 
there is provided a lamp 1 emitting the light beam 
18 for examination. A scanner mirror 2 is con- 
nected to a scanner 15 and structured so as to 
oscillate the light beam 18 for examination projec- 
ted from the lamp 1 at high frequency in crosswise 
direction of the flow of the fluid 22 carrying par- 
ticles in the flow-cell device 6. A condenser lens 5 
is disposed on an optical axis of the light beam 18 
for examination between the scanner mirror 2 and 
the flow-cell device 6 so as to condense the light 
beam 18 for examination to the fluid 22 carrying 
particles which flows through the flow-cell device 6 
in laminar conditions. A first flat half mirror 3 is 
disposed between the scanner mirror 2 and the 
condenser lens 5 and is structured to permit the 
light beam for the examination supplied from the 
side of the scanner mirror 2 to pass therethrough 
and, on the contrary, to reflect a light beam from 
the opposite direction. A curved half mirror 4 is 
interposed between the first flat half mirror 3 and 
the flow-cell device 6 in such a manner that its 
concave surface is faced toward the flow-cell de- 
vice 6, and a center line of the curve extends 
parallel to the flow of the fluid 22 carrying particles 
in the flow-cell device 6. This curved half mirror 4 
is such arranged that a part of the light beam from 
the side of the first flat half mirror 3 is reflected 
therefrom and a remaining part of the light beam 
passes therethrough. 

An objective lens 7 is provided on the side 
opposite to the condenser lens 5 of the flow-cell 
device 6 in order to collect a light beam 19 con- 
taining fluorescence 20 from the markers poured 
into the fluid 22 carrying particles and light scatter- 
ing and/or fluorescence 21 from the particles 24 in 
the fluid 22 carrying particles. A second flat half 
mirror 8 is provided on the downstream side of the 
objectiv lens 7. The second flat half mirror 8 
allows the light scattering and/or the fluorescence 
21 caused by the particles 24 in the fluid 22 



carrying particles in a light beam 19 collected by 
the objective lens 7 to pass therethrough. That is to 
say, the collected light beam 19 is separated into 
the light scattering and/or the fluorescence 21 for 

5 examination of the particles and the fluorescence 
20 for correction. A first photo-detector 16 is lo- 
cated at the downstream side of the second flat 
half mirror 8 and detects the strength of the light 
scattering and/or the fluorescence 21 for examina- 

10 tion passed through the second flat half mirror 8 to 
convert it into the signal for examination. A first 
signal processor 17 is connected to the first photo- 
detector 16 to analysis with the signal from the first 
photo-detector 16 some properties of the particles 

75 24 in the fluid 22 carrying particles. 

A second photo-detector 9 is placed adjacent 
to the second flat half mirror 8 and detects the 
strength of the fluorescence 20 for correction sepa- 
rated by the second flat half mirror 8 to generate a 

20 signal for correction. A second signal processor 11 
is connected to the second photo-detector 9 and, 
on the basis of the signal for correction from the 
second photo-detector 9, it calculates a difference 
in position between a center of the fluid 22 carrying 

25 particles in the flow-cell device 6 and a center of 
the oscillation of the light beam 18 for examination 
to generate a command signal for correction and 
also a difference in flow rate between the predeter- 
mined flow rate and an actual flow rate of the fluid 

30 22 carrying particles in the flow-cell device to gen- 
erate a command signal for flow rate correction. 
Connected to the second signal processor 11 are a 
valve controller 12 for controlling a flow regulating 
valve 13 and a scanner controller 14 for controlling 

35 the oscillation of the scanner 15. The valve control- 
ler 12 controls in accordance with the command 
signal for flow rate correction the flow regulating 
valve 13 to correct the flow rate of the fluid 22 
carrying particles in the flow-cell device 6 and the 

40 scanner controller 14 controls in accordance with 
the command signal for position correction to cor- 
rect a center of the oscillation of the light beam 18 
for examination toward a center of the flow of the 
fluid 22 carrying particles in the flow-cell device. 

45 The light beam 18 for examination emitted 

from the lamp 1 is oscillated to the extent not 
causing variation of the light scattering and/or flu- 
orescence for examination. In other words, the light 
beam 18 for examination is oscillated only within a 

so very small angle a to the extent that the particles 
24 in the carrying fluid 22 may not deviate out of 
the spot of the light beam 18 for examination. The 
light beam 18 for examination passes through the 
first flat half mirror 3 and the curved half mirror 4 

55 and is applied to the fluid 22 carrying particles in 
the flow-cell device 6. At this time, parts 25 of the 
light beam 1 8 for examination are reflected by the 
curved half mirror 4 and then are again reflected 
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by the first flat half mirror 3 to pass through the 
curved half mirror 4 with being attenuated at a 
certain extent and finally are applied on locations 
remote from the flow of the fluid 22 carrying par- 
ticles in crosswise direction. That is to say, the 
light beam for correction is an oscillated light beam 
for examination. As the second fiat half mirror 8 
permits only the light scattering and/or the fluores- 
cence 21 caused by the particles 24 in the fluid 22 
to pass therethrough, the fluorescence 20 caused 
by the markers is transmitted to the second photo- 
detector 9. Then the transmitted fluorescence 20 is 
converted into a signal for correction as amplitude 
modulation of a carrier wave caused by an oscilla- 
tor included within the second photo-detector 9. 
The signal for correction is input in the second 
signal processor 1 1 , and delivered to one process- 
ing system which calculates a difference in position 
between the center of the flow of the fluid 22 
carrying particles and the center of the oscillation 
of the light beam 18 for examination to generate a 
command signal for position correction, and to the 
other processing system which calculates a dif- 
ference in flow rate between the predetermined 
flow rate and the actual flow rate of the fluid 22 
carrying particles to generate a command signal for 
flow rate correction. 

The correcting steps in the processing system 
for position correction will be explained with refer- 
ence to Figs. 4-1 -a-e, Figs. 4-2-a~e, Figs. 4-3-a~e, 
and Figs. 4-4. When the reflected light beam 25 is 
oscillated between a point A and a point B, as 
shown in Fig. 4-1 -a„ it is assumed that the fluid 22 
carrying particles is shifted to the side of A, as 
shown in the same drawing. At the moment, a peak 
value V of amplitude of carrier wave of the signal 
for correction varies between both A and B points 
as shown in Fig. 4-1 -b. When the abscissa is set as 
the axis of time t, the peak to peak value V turns 
into Fig. 4-1 -c. When this peak to peak value V is 
multiplied by an oscillation amplitude W (Fig. 4-4) 
of the scanner 1 5 through an analog multiplier, an 
output M as shown in Fig. 4-1 -d is obtainable. 
When a direct current component is taken out from 
the output M while passing through a high-fre- 
quency cut filter, a negative value is obtained as 
shown in Fig. 4-1 -e. 

When the same procedures as in Figs. 4-1 -a-e 
are applied to a case in which the fluid 22 carrying 
particles flows at a center of the A-8 points (Figs. 
4-2-a-e) and a case in which the fluid 22 carrying 
particles flows at a side of B point between the A-B 
points, respective outputs M = 0 and M > 0 can be 
obtained. 

When th output M is used to impress as a 
voltage controlling a center of amplitude of the 
scanner controller 14 through an amplifier, it be- 
comes possible to register the center of the am- 



plitude between the points A and B automatically 
with the center of the flow of the fluid 22 carrying 
particles. That is to say, the light beam 18 for 
examination is continuously applied to the center of 

5 the flow of the fluid 22 carrying particles without 
using the pilot particles. 

The correcting steps in the processing system 
for the flow rate correction will be explained with 
reference to Figs. 5-1 -a~f, Figs. 5-2-a-f, Figs. 5-3- 

70 a-f, and Fig. 5-4. When the reflected light beam 25 
is oscillated between a point A and a point B. as 
shown in Fig. 5-1 -a, it is assumed that the fluid 22 
carrying particles is increased in flow rate and is 
enlarged in width, as shown in the same drawing. 

75 At the moment, a peak to peak value V of the 
carrier wave of the signal for correction varies 
between both A and B points such as shown in Fig. 
5-1 -b. When the abscissa is set as the axis of time 
t, the peak to peak value V turns into a signal 

20 shown in Fig. 5-1 -c. When a direct current compo- 
nent is taken out from this signal and a negative 
value is reversed into a positive value, that is, a 
variation component of the signal is rectified, a 
signal V (Fig. 5-1 -d) is obtained. When this signal 

25 V T is multiplied by an amplitude W (Fig. 5-4) of a 
wave which has a frequency twice the oscillation 
frequency of the scanner 15 and advanced at ir/2 
through the analog multiplier, an output M* as 
shown in Fig. 5-1 -e is obtained. When a direct 

30 current component is taken out from the output M 1 
by means of a high-frequency cut filter, a positive 
output M' is obtained as shown in Fig. 5-1 -f. 

The~same procedures as in Figs. 5-1 -b-f are 
applied to a case in which the flow rate of the fluid 

35 22 carrying particles substantially equals to a pre- 
determined value (Figs. 5-2-a-f) and a case in 
which the flow rate is less than such a predeter- 
mined value (Figs. 5-3-a-f), respective outputs M' 
= 0 and M' < 0 can be obtained. 

40 When" this output M' is used to impress as a 
voltage driving the valve controller 12 through the 
amplifier, the flow rate of the fluid 22 carrying 
particles can be automatically maintained at the 
predetermined flow rate. Further, by changing the 

45 oscillation amplitude between the A-B points, a 
predetermined flow rate of the fluid 22 carrying 
particles can be freely selected. 

When the oscillation frequency of the scanner 
mirror 2 is set at a high frequency such as 1 KHz, 

so it is possible to shift the center of the light beam 
for examination 18 to the center of the flow of the 
fluid 22 carrying particles with a high responsibility 
even if th flow of the fluid carrying particles is 
shifted by any turburance to the flow-cell device 6, 

55 clogging of the flow system and the like. 

The control operations such as adjustment of 
the optical axes before the examination may be 
almost eliminated. 
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Next, another embodiment of the sheath flow 
type photoanalysis apparatus according to the 
present invention will be described hereinafter with 
reference to Figs. 6 - 8. Explanations to the same 
portions coincident with those in the embodiment 
of Fig. 1 will be omitted. 

The flow-cell device 6 includes two inlet open- 
ings 6a. 6b for the sheath fluid 23, an inlet opening 
6c for the fluid 22 carrying particles formed be- 
tween these two inlet openings, two inlet openings 
28a, 28b for the markers each provided in a flow 
passage for the sheath fluid and the fluid outlet 
opening 6d. A flow regulating valve 13 which con- 
trols flow rate of the fluid carrying particles is 
connected to the inlet opening 6c for the fluid 
carrying particles. Further, marker pouring devices 
10a, 10b which pour the markers into the sheath 
fluid 23 are connected to the inlet openings 28a, 
28b for the markers, so that flows 31, 32 of the 
markers are provided at both sides of the fluid 22 
carrying particles. The markers poured through the 
marker pouring device 10a, 10b are different mark- 
ers which emit fluorescence having constant wave 
lengths different from each other when received a 
high beam. The reason why the wave lengths are 
made to be different from each other is to make it 
possible to detect a direction of difference in posi- 
tion between the fluid 22 carrying particles and the 
light beam 1 8 for examination. 

Although, in the above-mentioned embodiment 
there are provided the first flat half mirror 3 and the 
curved half mirror 4 between the scanner mirror 2 
and the condenser lens 5, this embodiment in- 
cludes a diffraction grating 26 by which two light 
beams 29, 30 for correction are separated from the 
light beam 18 for examination and applied to the 
sheath fluid 23 in the flow-cell device 6, The light 
beams 29, 30 for correction are applied in such a 
manner that centers of the light beams 29, 30 for 
correction are offset from centers of flow of the 
markers 31. 32 in a direction opposite to each 
other as shown in Figs. 8a and 8b. A controller 27 
is connected to the scanner mirror 2 to rotatably 
move the scanner mirror 2 in accordance with the 
command signal for position correction from the 
signal processor 1 1 . That is to say, an optical axis 
of the light beam 18 for examination is movable by 
the rotational movement of the scanner mirror 2 in 
a direction perpendicular to the flow of the fluid 22 
carrying particles in the flow-cell device 6. 

The correcting process will be explained by 
taking a case as an example in which a manner of 
the light beams for correction applied is in the 
manner shown in Fig. 8a. 

When a position of the flow of the fluid 22 
carrying particles is shifted rightwardly of the draw- 
ing, the flow 31 of the markers goes out of the spot 
of the light beam 29 for correction, whereas the 



flow 32 of the (Barkers comes into the spot of the 
light beam 30 for correction. As a result, the flu- 
orescence from the flow 31 of the markers is 
decreased in strength, while the fluorescence from 

5 the flow 32 of the markers is increased in strength. 
When a position of the flow of the fluid 22 carrying 
particles is shifted leftwardly of Fig. 8a, the flow 31 
of the markers comes into the spot of the light 
beam 29 for correction, whereas the flow 32 of the 

w markers goes out of the spot of the light beam 30 
for correction. As a result, the fluorescence from 
the flow 31 of the markers is increased in strength, 
while the fluorescence of the markers is decreased 
in strength. Since, as mentioned above, there ex- 

75 ists the difference in wave length between the 
fluorescence from one markers 31 and the fluores- 
cence from the other markers 32, each fluores- 
cence can thus be distinguished mutually. Thus 
when the variation in strength of the fluorescence is 

20 measured, an offset direction and a difference in 
position between the center of the light beam 18 
for examination and the center of the flow of the 
fluid 22 carrying particles can be detected. These 
fluorescence is separated by the half mirror 8 from 

25 the light beam 19 which is collected through the 
objective lens 7 and, the separated fluorescence is 
transmitted to the second photo-detector 9 and 
converted into a signal for correction. The signal 
processor 11 connected to the second photo-de- 

30 tector 9 calculates from the signal for correction the 
offset direction and the difference in position be- 
tween the center of the flow of the fluid 22 carrying 
particles in the flow-cell device 6 and the center of 
the light beam 18 for examination and, then, it 

as outputs a command signal for position correction to 
the controller 27. The controller 27 rotates the 
scanner mirror 2 in accordance with the command 
signal for position correction to shift the center of 
the light beam 18 for examination toward the center 

40 of the flow of the fluid 22 carrying particles 18. 

When the flow rate of the fluid 22 carrying 
particles increases, both Hows 31 and 32 of the 
markers are moved away from each other so that 
the flows 31, 32 of the markers go out of the 

45 respective spots of the light beams for correction 
29, 30. The fluorescence from the both markers are 
thus weakened in strength at the same time. Fur- 
thermore, when the flow rate of the fluid 22 carry- 
ing particles decreases, the flows 31 and 32 of the 

so markers approach to each other so that both flows 
31, 32 come into the spots of the light beams 29, 
30 for correction. Each strength of the fluorescence 
from both markers thus increases simultaneously. 
With the same manner as described previous- 

55 ly, these fluorescence is separated by the half 
mirror 8 from the light beam 19 which is collected 
through the objective lens 7 and, the separated 
fluoresc nc is transmitted to the second photo- 
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detector 9 and converted into a signal for correc- 
tion. The signal processor 11 connected to th 
second photo-detector 9 calculates from the signal 
for correction the difference in flow rate between 
the actual flow rate of the fluid 22 carrying particles 5 
in the flow-cell device 6 and the predetermined 
flow rate and, then, it outputs a command signal for 
flow rate correction to the valve controller 12. The 
valve controller 12 controls the flow regulating 
valve 13 in accordance with the command signal 10 
for flow rate correction to regulate the flow rate of 
the fluid 22 carrying particles in the flow-cell device 
6 to the predetermined flow rate. 

In this embodiment, the applying position of 
the light beam for examination and the flow rate of is 
the fluid carrying particles can be set without using 
the pilot particles. 

In the above embodiments, the fluorescent ma- 
terials emitting fluorescence having constant wave 
lengths when received the light beam have been 20 
employed as markers which represent the position 
and flow rate of the fluid 22 carrying particles, but 
the reference particles, control cells and the like 
may, of course, be utilized with such materials. 

Also, in the above-mentioned embodiments, al- 25 
though both of the means for position correction 
and flow rate correction have been accompanied 
with the apparatus, the apparatus may incorporate 
either one of these means. 

As fully described in hereinbefore, according to 30 
the present invention, the applying position of the 
light beam for examination as well as the flow rate 
of the fluid carrying particles are determined by 
means of the subject particles to be examined, 
thereby substantially eliminating the tedious adjust- 35 
ment operations such as adjustments of the light 
applying position and flow rate using the pilot par- 
ticles before the examination. 

Further, according to the invention, it is possi- 
ble to shift the center of the light beam for exami- 40 
nation 18 to the center of the flow of the fluid 22 
carrying particles with a high responsibility even if 
the flow of the fluid carrying particles is shifted by 
any turburance to the flow-cell device 6 of clogging 
of the flow system and the like. 4 $ 

Further, according to the invention, it is possi- 
ble to always maintain the flow rate of the fluid 22 
carrying particles at a predetermined flow rate at a 
position on which the light beam 18 for examination 
is applied even if causes causing the variation of so 
the flow rate such as clogging of the flow system, 
reduction of pressure to supply the fluid carrying 
particles are occurred during the examination. 

Claims 55 

1. A photoanalysis apparatus comprising: 

flow-cell means for pouring sheath fluid (23) 



and fluid (22) carrying particles (24) in laminar 
flow in which said fluid (22) carrying particles 
is surrounded by said sheath fluid (23), said 
flow-ceil means including a flow-cell device (6). 
and 

first optical means (1, 5, 7, 16) for applying a 
light beam (18) for examination having a con- 
stant wave length on said fluid (22) carrying 
particles in the flow-cell device (6) to measure 
strength of light scattering or fluorescence 
caused by said particles (24) in said fluid (22) 
carrying particles to generate a signal for ex- 
amination, said first optical means comprising 
a lamp (1) for emitting said light beam (18) for 
examination, a condenser lens (5) disposed 
between said flow-cell device (6) and said 
lamp (1). an objective lens (7) disposed on 
opposite side of said flow-cell device (6), and a 
first photo-detector (16) to measure the 
strength of light scattering or fluorescence 
caused by the particles (24) in the fluid (22) 
carrying particles to generate the signal for 
examination; and 

first signal processing means (17) for process- 
ing said signal for examination from said first 
optical means to detect properties of the par- 
ticles such as kind, size, number and shape; 
characterized by 

marker pouring means (10; 10a, 10b) for pour- 
ing markers into said sheath fluid (23) and fluid 
(22) carrying particles in said flow-ceil device 
(6), said markers emitting fluorescence and/or 
scattered light having a constant wave length 
when said markers receive a light beam (18; 
29, 30) for correction; 

a flow control valve (13) to control the flow rate 
of said fluid (22) carrying particles; 
second optical means (2, 8 t 9, 15; 26, 27) for 
applying the light beam for correction to said 
markers in said flow-cell device (6) to measure 
strength of fluorescence and/or scattered light 
caused by said markers to generate a signal 
for correction; 

second signal processing means (11) for cal- 
culating from said signal for correction a dif- 
ference in position between a center of said 
fluid carrying particles in said flow cell device 
and a center of said light beam for' examination 
and/or a difference in flow rate between a 
predetermined flow rate and an actual flow rate 
of said fluid carrying particles in said flow-cell 
device to generate correspondingly a first 
command signal for position correction and/or 
a second command signal for flow rate correc- 
tion; and 

correspondingly first correction means (14) for 
shifting the center of the light beam for exami- 
nation to the center of said fluid carrying par- 
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tides in said How-cell device in accordance 
with said first command signal and/or second 
correcting means (12) for correcting the flow 
rate of said fluid carrying particles to the pre- 
determined flow rate in accordance with said 5 
second command signal. 

2. A photoanalysis apparatus as claimed in claim 
1, wherein said marker pouring means (10) 
includes an opening opened in the flow of said w 
fluid carrying particles, and 

said second optica! means comprises a scan- 
ner (15) with a scanner mirror (2) which is 
disposed between said lamp and said con- 
denser lens for oscillating said light beam for 75 
examination in crosswise direction of the flow 
of the fluid carrying particles within a predeter- 
mined angle (a), said light beam for correction 
being identical with said oscillated light beam 
for examination, a first flat half mirror (3) dis- 20 
posed between said scanner mirror and said 
condenser lens which permits said light beam 
for examination to pass therethrough and re- 
flects a light beam from opposite direction of 
said light beam for examination, a curved half 25 
mirror (4) disposed between said first flat half 
mirror and said condenser lens of which con- 
cave surface is faced toward said condenser 
lens, said curved half mirror permitting a part 
of said light beam for examination to pass 30 
there-through and reflects a part of said light 
beam for examination, a second flat half mirror 
(8) disposed between said objective lens and 
said first photo-detector which reflects only 
fluorescence or scattered light caused by said 35 
markers in said fluid carrying particles, and a 
second photo-detector (9) for detecting said 
fluorescence or light scattering reflected by 
said second flat half mirror to generate said . 
signal for correction, and <*o 
said first correcting means comprises a scan- 
ner controller (14) to control said scanner to 
change a center of said oscillation in accor- 
dance with said first command signal, and 
said second correcting means comprises a 45 
valve controller (12) to control said flow control 
valve to correct the flow rate of said fluid 
carrying particles in said flow-cell device in 
accordance with said second command signal. 

50 

3. A photoanalysis apparatus as claimed in claim 
1, wherein 

said marker pouring means includes two open- 
ings (28a, 28b) respectively opened at each 
side of the flow of the fluid carrying particles in 55 
said flow-cell device and pours from said two 
openings into the sheath fluid different markers 
which emit fluorescence or scattered light of 



which wave lengths are different form each 
other, and 

said second optical means comprises a mirror 
(2) disposed between said lamp and said con- 
denser lens, said mirror being rotatable so as 
to move said light beam for examination in 
crosswise direction of the flow of the fluid 
carrying particles, a diffraction grating (26) dis- 
posed between said mirror and said flow-cell 
device for separating two light beams (29, 30) 
for correction from said light beam for exami- 
nation, said two light beams for correction re- 
spectively being applied on flow (31 , 32) of the 
markers in such a manner that respective cen- 
ters of the two light beams for correction are 
offset form respective enters of the flow of the 
markers in a direction opposite to each other, a 
flat half mirror (8) disposed between said ob- 
jective lens and said first Photo-detector, said 
flat half mirror reflecting only fluorescence or 
scattered light caused by said markers in said 
sheath fluid, and, a second photo-detector (9) 
for detecting fluorescence or scattered light 
reflected by said flat half mirror to generate 
said signal for correction, and 
said first correcting means comprises a con- 
troller (27) for moving said mirror in accor- 
dance with said first command signal, and 
said second correcting means comprises a 
valve controller (12) to control said flow control 
valve to correct the flow rate of said fluid 
carrying particles in said flow-cell device in 
accordance with said second command signal. 

4. A method for correcting a difference in position 
between a center of flow of fluid (22) carrying 
particles (24) and a center of light beam (18) 
for examination and/or for correcting a flow 
rate of the fluid (22) in a photoanalysis appara- 
tus which comprises flow-cell means (6) for 
pouring sheath fluid (23) and the fluid carrying 
particles in laminar flow in which the fluid car- 
rying particles is surrounded by the sheath 
fluid, optical means (1, 5, 7, 16) for applying 
the light beam for examination having a con- 
stant wave length on the fluid carrying particles 
in the flow-cell means to measure strength of 
light scattering and/or fluorescence caused by 
the particles in the fluid carrying particles to 
generate a signal for examination, and signal 
processing means (17) for processing the sig- 
nal for examination from the optical means to 
detect properties of the particles such as kind, 
size, number and shape, 
characterized by 

pouring markers which emit fluorescence 
and/or scattered light having a constant wave 
length when the markers receiv a light beam 
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(18; 29, 30) into said sheath fluid (23) or fluid 
(22) carrying particles, 

applying* the light beam (18; 29, 30) to said 
markers in said flowcell means to measure 
strength of fluorescence and/or light scattering 
caused by said markers to generate a signal 
for correction; 

calculating from said signal for correction a 
difference in position between a center of said 
fluid carrying particles in said flow-ceil means 
and a center of said light beam for examination 
and/or a difference in flow rate between a 
predetermined flow rate and an actual flow rate 
of said fluid carrying particles in said flow-cell 
means to generate correspondingly a first 
command signal for position correction and/or 
a second command signal for flow rate correc- 
tion; and 

correspondingly shifting the center of the light 
beam for examination to the center of said fluid 
carrying particles in said flow-ceil means in 
accordance with said first command signal 
and/or correcting the flow rate of said fluid 
carrying particles to the predetermined flow 
rate in accordance with said second command 
signal. 

5. A correcting method according to claim 4, 
wherein 

said marker pouring comprises pouring mark- 
ers into said fluid (22) carrying particles and 
said applying the light beam to said markers in 
said flow-cell means comprises oscillating said 
light beam (18) for examination in crosswise 
direction of the flow of the fluid carrying par- 
ticles within a predetermined angle (a). 

6. A correcting method according to claim 4, 
wherein 

said marker pouring comprises pouring dif- 
ferent markers which emit fluorescence and/or 
light scattering having constant wave lengths 
different from each other when received a light 
beam into the sheath fluid (23) at each side of 
the flow of the fluid (22) carrying particles, and 
said applying the light beam to said markers in 
said flow-cell means comprises separating two 
light beams (29, 30) for correction from said 
light beam (18) for examination by means of a 
diffraction grating (26) to respectively apply 
onto said markers at each side of the fluid (22) 
carrying particles in such a manner that cen- 
ters of the two light beams (29, 30) for correc- 
tion are offset form centers of the flows (31, 
32) of the markers in a direction opposite to 
each other. 

Patentanspriiche 



1. Fotoanalyseapparatur mit 

einer Strornungszelleneinrichtung zum Eingie- 
fien von Hullenfluid (23) und Partikel-(24)-tra- 

5 gendem Fluid (22) in laminarer Stromung, in 

der das Partikel-tragende Fluid (22) durch das 
Hullenfluid (23) umgeben ist, wobei die Stro- 
rnungszelleneinrichtung eine Stromungszellen- 
vorrichtung (6) beinhaltet, und 

10 einer ersten optischen Einrichtung (1, 5, 7, 16) 

zum Anlegen eines Lichtstrahls (18) mit einer 
konstanten Wellenlange zur Untersuchung an 
das Partikel-tragende Fluid (22) in der Stro- 
mungszeilenvorrichtung (6), urn die Starke der 

75 durch die Partikel (24) in dem Parti kel-trag en- 

den Fluid (22) verursachte Starke der Licht- 
streuung Oder Fluoreszenz zu messen, urn ein 
Signal zur Untersuchung zu erzeugen, wobei 
die erste optische Einrichtung aufweist: 

20 eine Lampe (1) zum Emittieren des Lichtstrahls 

(18) zur Untersuchung, eine zwischen der Stro- 
mungszellenvorrichtung (6) und der Lampe (1) 
angeordnete Kondensorlinse (5), eine an der 
gegenuberliegenden Seite der Stromungszel- 

25 lenvorrichtung (6) angeordnete Objektivlinse 

(7), und einen ersten Fotodetektor (16) zum 
Messen der Starke der durch die Partikel (24) 
in dem Partikel-tragenden Fluid (22) verursach- 
ten Lichtstreuung Oder Fluoreszenz, urn das 

30 Signal zur Untersuchung zu erzeugen; und 

einer ersten Signalverarbeitungseinrichtung 
(17) zum Verarbeiten des Signals zur Untersu- 
chung von der ersten optischen Einrichtung, 
urn Eigenschaften der Partikel, wie zum Bei- 

35 spiel Art, Grofle, Anzahl und Form, zu erfas- 

sen; 

gekenzeichnet durch, 

eine Markierer-Eingiefleinrichtung (10; 10a, 
10b) zum Eingie/ten von Markierern in das 

40 ' Hullenfluid (23) und Partikel-tragende Fluid 
(22) in der Stromungszellenvorrichtung (6), wo- 
bei die Markierer Fluoreszenz- und/oder Streu- 
licht mit einer konstanten Wellenlange emittie- 
ren, wenn die Markierer einen Lichtstrahl (18; 

45 29, 30) zur Korrektur empfangen; 

ein Strdmungs-Steuerungsventil (13) zum 
Steuern der Stromungsrate des Partikel-tra- 
genden Fluids (22); 

eine zweite optische Einrichtung (2, 8, 9, 15; 

so 26, 27) zum Anlegen des Lichtstrahls zur Kor- 

rektur an die Markierer in der Stromungszel- 
lenvorrichtung (6). urn die Starke der durch die 
Markierer verursachten Fluoreszenz und/oder 
des Streulichtes zu messen, urn ein Signal zur 

55 Korrektur zu erzeugen; 

eine zweite Signalverarbeitungs-Einrichtung 
(11), um von dem Signal zur Korrektur eine 
Positionsdifferenz zu berechnen zwischen ei- 

10 



19 



EP 0 294 701 B1 



20 



nem Zentrum des Partikel-tragenden Ruids in 
der Stromungszellenvorrichtung und einem 
Zentrum des Lichtstrahls zur Untersuchung 
und/oder eine Differenz der Stromungsrate 
zwischen einer vorbestimmten Stromungsrate 5 
und einer tatsachlichen Stromungsrate des 
Partikel-tragenden Fluids in der Stromungszel- 
lenvorrichtung, urn entsprechend ein erstes 
Steuersignal zur Positionskorrektur und/oder 
ein zweites Steuersignal zur Stromungsraten- 10 
korrektur zu erzeugen; und 
eine entsprechende erste Korrektureinrichtung 
(14) zum Verschieben des Zentrums des Licht- 
strahls zur Untersuchung zu dem Zentrum des 
Partikel-tragenden Fluids in der Stromungszel- 75 
lenvorrichtung in Obereinstimmung mit dem er- 
sten Steuersignal und/oder eine zweite Korre- 
krureinrichtung (12) zum Korrigieren der Stro- 
mungsrate des Partikel-tragenden Fluids zu 
der vorbestimmten Stromungsrate in Uberein- 20 
stimmung mit dem zweiten Steuersignal. 

Fotoanalyseapparatur nach Anspruch 1, wobei 
die Markierer-Eingietfeinrichtung (10) eine in 
der Stromung des Partikel-tragenden Fluids 25 
geoffnete Offnung beinhaltet, und 
die zweite optische Einrichtung aufweist: 
einen Abtaster (15) mit einem Abtasterspiegel 
(2), der sich zwischen der Lampe und der 
Kondensorlinse befindet, zum Oszillieren des 30 
Lichtstrahls zur Untersuchung in einer kreuzen- 
den Richtung der Stromung des Partikel-tra- 
genden Fluids innerhalb eines vorbestimmten 
Winkeis (a), wobei der Lichtstrahl zur Korrektur 
identisch ist mit dem oszillierten Lichtstrahl zur 35 
Untersuchung, einen ersten zwischen dem Ab- 
tasterspiegel und der Kondensorlinse angeord- 
neten flachen Halbspiegel (3), der den Licht- 
strahl zur Untersuchung durch sich hindurch- 
treten la/Jt und einen Lichtstrahl aus der entge- 40 
gengesetzten Richtung des Lichtstrahls zur 
Untersuchung reflektiert, einen gekrummten 
Halbspiegel (4), der zwischen dem ersten fla- 
chen Halbspiegel und der Kondensorlinse an- 
geordnet ist, dessen konkave Oberflache zu 4s 
der Kondensorlinse zeigt, wobei der gekrumm- 
te Halbspiegel einen Teil des Lichtstrahls zur 
Untersuchung durch sich hindurchtreten \aB\ 
und einen Teil des Lichtstrahls zur Untersu- 
chung reflektiert, einen zweiten zwischen der 50 
Objektivlinse und dem ersten Fotodetektor an- 
geordneten flachen Halbspiegel (8), der nur 
durch die Markierer in dem Partikel-tragenden 
Fluid verursachte Fluoreszenz oder Streulicht 
reflektiert, und einen zweiten Fotodetektor (9) 55 
zum Erfassen der durch den zweiten flachen 
Halbspieg I reflektierten Fluoreszenz oder 
Lichtstreuung, urn das Signal zur Korrektur zu 



erzeugen, und 

die erste Korrektureinrichtung eine Abtaster- 
Steuerungsvorrichtung (14) aufweist zum Steu- 
ern des Abtasters, urn ein Zentrum der Oszilla- 
tion in Obereinstimmung mit dem ersten Steu- 
ersignal zu andern und 

die zweite Korrektureinrichtung eine Ventil- 
Steuerungsvorrichtung (12) aufweist zum Steu- 
ern des Stromungs-Steuerventils, urn die Stro- 
mungsrate des Partikel-tragenden Ruids in der 
Stromungszellenvorrichtung zu korrigieren in 
Obereinstimmung mit dem zweiten Steuersi- 
gnal. 

a Fotoanalyseapparatur nach Anspruch 1 , wobei 
die Markierer-Eingiefleinrichtung zwei Offnun- 
gen (28a, 28b) beinhaltet, die jeweils an jeder 
Seite der Stromung des Partikel-tragenden 
Fluids in der Stromungszellenvorrichtung ge- 
offnet sind und von den beiden Offnungen in 
das Hullenfluid unterschiedliche Markierer ein- 
gieflt, die Fluoreszenz oder Streulicht emittie- 
ren. deren Welleniangen voneinander unter- 
schiedlich sind, und 

die zweite optische Einrichtung aufweist: einen 
zwischen der Lampe und der Kondensorlinse 
angeordneten Spiegel (2), wobei der Spiegel 
rotierbar ist, urn den Lichtstrahl zur Untersu- 
chung in einer kreuzweisen Richtung zu der 
Stromung des Partikel-tragenden Fluids zu be- 
wegen, ein zwischen dem Spiegel und der 
Stromungszellenvorrichtung angeordnetes 
Beugungsgitter (26) zum Trennen von zwei 
Lichtstrahlen (29, 30) zur Korrektur von diesem 
Lichtstrahl zur Untersuchung, wobei die beiden 
Lichtstrahlen zur Korrektur jeweils an die Stro- 
mung (31. 32) der Markierer so angelegt wer- 
den, dafi die jeweiligen Zentren der beiden 
Lichtstrahlen zur Korrektur von den jeweiligen 
Zentren der Stromung der Markierer in einer 
zueinander entgegengesetzten Richtung ver- 
setzt sind, einen zwischen der Objektivlinse 
und dem ersten Fotodetektor angeordneten fla- 
chen Halbspiegel (8), wobei der flache Halb- 
spiegel nur durch die Markierer in dem Hullen- 
fluid verursachte Fluoreszenz oder Lichtstreu- 
ung reflektiert, und einen zweiten Fotodetektor 
(9) zum Erfassen von durch den ersten flachen 
Halbspiegel reflektierter Fluoreszenz oder 
Streulicht. urn das Signal zur Korrektur zu er- 
zeugen, und 

die erste Korrektureinrichtung eine Steuerungs- 
vorrichtung (27) aufweist zum Bewegen des 
Spiegels in Obereinstimmung mit dem ersten 
Steuersignal, und die zweite Korrektureinrich- 
tung eine Ventil-Steuerungsvorrichtung(12) auf- 
weist zum St uern des Stromungs-Steuerven- 
tils, urn die Stromungsrate des Partikel-tragen- 
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den Fluids in der Stromungszellenvorrichtung 
in Ubereinstimmung mit dem zweiten Steuersi- 
gnal zu korrigieren. 

Verfahren zum Korrigieren einer Positionsdiffe- 5 
renz zwischen einem Stromungzentrum von 
Partikei-(24)-tragendem Fluid (22) und einem 
Zentrum eines Lichtstrahls (18) zur Untersu- 
chung und/oder zur Korrektur einer Stro- 
mungsrate des Fluids (22) in einer Fotoanaly- io 
seapparatur, welche aufweist: eine Stromung- 
zelleneinrichtung (6) zum Eingieflen von Hul- 
lenfluid (23) und dem Partikel-tragenden Fluid 
in laminarer Stromung, in der das Partikel- 
tragende Fluid durch das Hullenfiuid umgeben is 
ist, eine optische Einrichtung (1, 5, 7, 16) zum 
Anlegen des Lichtstrahls zur Untersuchung mit 
einer konstanten Wellenlange an das Partikel- 
tragende Fluid in der Stromungszeileneinrich- 
tung, urn die Starke von durch die Partikel in 20 
dem Partikeltragenden Fluid verursachte Licht- 
streuung und/oder Fluoreszenz zu messen, urn 
ein Signal zur Untersuchung zu erzeugen, und 
eine Signalverarbeitungseinrichtung (17) zum 
Verarbeiten des Signals zur Untersuchung von 25 
der optischen Einrichtung, urn Eigenschaften 
der Partikel, wie zum Beispiel Art, Gro/Je, An- 
zahl und Form zu erfassen, 
gekennzeichnet durch die folgenden Schritte: 
Eingiel3en von Markierern, welche Fluoreszenz 30 
und/oder Streulicht mit einer konstanten Wel- 
lenlange emittieren, wenn die Markierer einen 
Lichtstrahl (18; 29, 30) in dem Hullenfiuid (23) 
Oder Partikeltragenden Fluid (22) empfangen, 
Anlegen des Lichtstrahls (18; 29, 30) an die 35 
Markierer in der Stromungzelleneinrichtung, 
urn die Starke der durch die Markierer verur- 
sachten Fluoreszenz und/oder Lichtstreuung zu 
messen, urn ein Signal zur Korrektur zu erzeu- 
gen; " 
Berechnen einer Positionsdifferenz von dem 
Signal zur Korrektur zwischen einem Zentrum 
des Partikel-tragenden Fluids und der Stro- 
mungzelleneinrichtung und einem Zentrum des 
Lichtstrahls zur Untersuchung und/oder einer 45 
Differenz der Stromungsrate zwischen einer 
vorbestimmten Stromungsrate und einer tat- 
sachlichen Stromungsrate des Partikel-tragen- 
den Fluids in der Stromungszelieneinrichtung, 
urn entsprechend ein erstes Steuersignal zur so 
Positionskorrektur und/oder eine zweites Steu- 
ersignal zur Stromungsratenkorrektur zu erzeu- 
gen; und 

entsprechendes Verschieben des Zentrums 
des Uchtstrahls zur Untersuchung zu dem ss 
Zentrum d s Partikel-tragenden Fluids in der 
Stromungszelieneinrichtung in Ubereinstim- 
mung mit dem ersten Steuersignal und/oder 



Korrigieren der Stromungsrate des Partikel-tra- 
genden Fluids zu der vorbestimmten Stro- 
mungsrate in Ubereinstimmung mit dem zwei- 
ten Steuersignal. 

5. Korrekturverfahren nach Anspruch 4, wobei 
das EingieJ3en der Markierer ein Eingie/ten der 
Markierer in das Partikel-tragende Fluid (22) 
aufweist, und 

das Anlegen des Lichtstrahls an die Markierer 
in der Stromungszelieneinrichtung ein Osziilie- 
ren des Lichtstrahls (18) zur Untersuchung in 
kreuzweiser Richtung zu der Stromung des 
Partikel-tragenden Fluids innerhalb eines vor- 
bestimmten Winkels (a) aufweist. 

6. Korrekturverfahren nach Anspruch 4, wobei 
das Eingleflen der Markierer, das Eingleflen 
unterschiedlicher Markierer aufweist die Fluo- 
reszenz und/oder Lichtstreuung emittieren mit 
konstanten voneinander unterschiedlichen Wel- 
lenlangen, wenn ein Lichtstrahl in dem Hullen- 
fiuid (23) an jeder Seite der Stromung des 
Partikel-tragenden Fluids (22, 23) empfangen 
wird, und 

das Anlegen des Lichtstrahls an die Markierer 
in der Stromungszelieneinrichtung, welches 
Trennen zweier Lichtstrahlen (29, 39) zur Kor- 
rektur von dem Lichtstrahl (18) zur Untersu- 
chung aufweist, und zwar mittels eines Beu- 
gungsgitters (26), urn sie jeweils an die Mar- 
kierer an jeder Seite des Partikel-tragenden 
Fluids (22) anzulegen auf eine Art und Weise, 
dafl Zentren der beiden Lichtstrahlen (29, 30) 
zur Korrektur von Zentren der Stromungen (31 , 
32) der Markierer in zueinander entgegenge- 
setzten Richtungen versetzt sind. 

Revendications 

1. Appareil de photo-analyse comprenant: 

des moyens de cellules d'ecoulement pour 
deverser un fluide enveioppant (23) et un fluide 
(22) transportant des particules (24) dans un 
courant laminaire dans lequel ledit fluide (22) 
transportant des particules est enveloppe par 
ledit fluide enveioppant (23), ledit moyen de 
cellules d'ecoulement comprenant un dispositif 
de cellules d'ecoulement (6), et 
des premiers moyens optiques (1, 5. 7, 16) 
pour appliquer un faisceau iumineux (18) 
d'examen ayant une longueur d'onde constan- 
t sur ledit fluide (22) transportant des parti- 
cules dans le dispositif de cellules d'ecoule- 
ment (6) afin de mesurer la force de dispersion 
de la iumiere ou la fluorescence causee par 
lesdites particules (24) dans iedit fluide (22) 
transportant d s particules pour produire un 
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signal d'examen, lesdits premiers moyens opti- 
ques comprenant une lampe (1 ) pour emettre 
ledit faisceau iumineux (18) d'examen, une len- 
tille de champ collectif (5) disposee entre ledit 
dispositif de cellules d'ecoulement (6) et ladite s 
lampe (1), une lentille d'objectif (7) disposee 
du cote oppose au dit dispositif de cellules 
d'ecoulement (6), et un premier photo-detec- 
teur (16) pour mesurer la force de dispersion 
de la lumiere ou la fluorescence causee par w 
lesdites particules (24) dans ledit fluide (22) 
transportant des particules pour produire un 
signal d'examen, et 

des premiers moyens de traitement de signaux 
(17) pour traiter ledit signal d'examen desdits is 
premiers moyens optiques pour detecter les 
caracteristiques des particules telle que sorte, 
dimension, nombre et forme: 
caracterise par 

des moyens de deversement de marqueurs 20 
(10; 10a, 10b) pour deverser des marqueurs 
dans ledit fluide enveloppant (23) et le fluide 
(22) transportant des particules dans ledit dis- 
positif de cellules d'ecoulement (6), ledit mar- 
queur emettant une fluorescence et/ou de la 25 
lumiere dispersee ayant une longueur d'onde 
constante quand lesdits marqueurs regoivent 
un faisceau Iumineux (18; 29, 30) de correc- 
tion; 

une valve de controle de courant (13) pour 30 
controler la Vitesse du fluide (22) transportant 
des particules; 

des deuxiemes moyens optiques (2, 8, 9, 15; 
26, 27) pour appliquer ie faisceau de lumiere 
de correction sur ledit marqueur dans le dispo- 35 
sitif de cellules d'ecoulement (6) pour mesurer 
la force de fluorescence et/ou de la lumiere 
dispersee causees par ledit marqueur afin de 
produire un signal de correction; 
des deuxi&mes moyens de traitement de si- 40 
gnaux (11) pour calculer a partir dudit signal 
de correction une difference de position entre 
un centre dudit fluide transportant des parti- 
cules dans ledit dispositif de cellules d'ecoule- 
ment et un centre dudit faisceau de lumiere 45 
d'examen et/ou une difference dans la vitesse 
d'ecoulement entre une vitesse d'ecoulement 
predeterminee et une vitesse d'ecoulement 
reelle dudit fluide transportant des particules 
dans ledit dispositif de cellules d'ecoulement so 
afin de produire de fagon correspondante un 
premier signal de controle pour la correction 
de la position et/ou un second signal de 
controle pour la correction de la vitesse 
d'ecoulement; et 55 
des premiers moyens de correction correspon- 
dants (14) pour deplacer le centre du faisc au 
iumineux d'examen vers le centre dudit fluide 



transportant des particules dans ledit dispositif 
de cellules d'ecoulement en accord avec ledit 
premier signal de controle et/ou des seconds 
moyens de correction (12) pour corriger la 
vitesse d'ecoulement dudit fluide transportant 
des particules vers une vitesse d'ecoulement 
predeterminee en accord avec ledit second 
signal de controle. 

Appareil de photo-analyse selon la revendica- 
tion 1, dans lequel lesdits moyens de deverse- 
ment de marqueurs (10) contiennent une ou- 
verture se trouvant dans I'ecoulement dudit 
fluide transportant des particules, et 
lesdits seconds moyens optiques comprennent 
un scanner (15) avec un miroir de scanner (2) 
qui est dispose entre ladite lampe et ladite 
lentille de champ collectif pour osciller ledit 
faisceau de lumiere d'examen dans une direc- 
tion transversale a ceile de I'ecoulement du 
fluide transportant des particules selon un an- 
gle (a) predetermine, ledit faisceau Iumineux 
de correction etant identique audit faisceau 
Iumineux d'examen oscillante, un premier 
demi-miroir (3) plat dispose entre ledit miroir 
de scanner et ladite lentille de champ collectif 
qui permet audit faisceau Iumineux d'examen 
d'y passer a travers et reflete un faisceau 
Iumineux de la direction opposee a celle dudit 
faisceau Iumineux d'examen, un demi-miroir 
(4) courbe dispose entre ledit premier demi- 
miroir plat et ladite lentille de champ collectif, 
la surface concave de laquelle est tournee vers 
ladite lentille de champ collectif, le demi-miroir 
courbe permet a une partie dudit faisceau Iu- 
mineux d'examen d'y passer a travers et refle- 
te une partie dudit faisceau Iumineux d'exa- 
men, un deuxieme demi-miroir plat (8) dispose 
entre ladite lentille d'objectif et ledit premier 
photo-d6tecteur qui reflate seulement la fluo- 
rescence ou la lumiere dispersee causee par 
ledit marqueur dans ledit fluide transportant 
des particules, et un deuxi&me photo-detecteur 
(9) pour detecter ladite fluorescence ou la lu- 
miere dispersee refletee par ledit deuxieme 
demi-miroir plat afin de produire ledit signal de 
correction, et 

lesdits premiers moyens de correction com- 
prennent un dispositif de controle (14) de 
scanner afin de controler ledit scanner pour 
changer le centre de ('oscillation en accord 
avec ledit premier signal de controle, et 
lesdits deuxiemes moyens de correction com- 
prennent un dispositif de controle de valve (12) 
afin de controler ladite valve de controle 
d'ecoulement pour corriger la vitesse d'ecoule- 
ment dudit fluide transportant des particules 
dans ledit dispositif de cellules d'ecoulement 
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en accord avec (edit deuxieme signal de 
controls. 

Appareil de photo-analyse selon la revendica- 
tion 1 » dans lequel 5 
lesdits moyens de deversement de marqueurs 
comprennent deux ouvertures (28a, 28b) res- 
pectivement disposees de chaque cote de 
I'ecoulement du fluids transportant des parti- 
cules dans ledit dispositii de cellules d'ecoule- 10 
ment et deversent a partir de ces deux ouver- 
tures dans le fluids enveloppant differents mar- 
queurs qui emettent une fluorescence ou de la 
lumiere dispersee ayant chacune une longueur 
d'onde differents, et 75 
lesdits deuxiemes moyens optiques compren- 
nent un miroir (2) dispose entre ladite lampe et 
la lentille de champ collectif, ledit miroir pou- 
vant etre tourne afin de bouger ledit faisceau 
lumineux d'examen dans une direction trans- 20 
versale a celle de I'ecoulement du fluide trans- 
portant des particules, une grille de diffraction 
(26) disposed entre ledit miroir et ledit disposi- 
tif de cellules d'ecoulement pour separer deux 
faisceaux de lumiere (29, 30) pour la correction 25 
dudit faisceau de lumiere d'examen, lesdits 
deux faisceaux de lumiere de correction etant 
respectivement appliques sur le courant (31, 
32) de marqueurs de fagon a ce que les 
centres respectifs des deux faisceaux de lu- 30 
miere de correction soient deplaces par rap- 
port a I'ecoulement des marqueurs dans des 
directions opposees Tune a ('autre, un demi- 
miroir (8) plat dispose entre ladite lentille d'ob- 
jectif et ledit premier photo-detecteur, ledit 35 
demi-miroir plat refletant seulement la fluores- 
cence ou la lumiere dispersee causee par les- 
dits marqueurs dans ledit fluide de protection, 
et un deuxieme photo-d&ecteur (9) pour de- 
tecter la fluorescence ou la lumiere dispersee 40 
refletee par ledit demi-miroir plat afin de pro- 
duce un signal de correction, et 
lesdits premiers moyens de correction com- 
prennent un dispositif de controle (27) pour 
deplacer ledit miroir en accord avec ledit pre- 45 
mier signal de controle. et lesdits deuxiemes 
moyens de correction comprennent un disposi- 
tif de controle (12) de valve afin de controler 
ladite valve de controle d'ecoulement pour cor- 
riger la vitesse d'ecoulement dudit fluide trans- so 
portant des particules dans ledit dispositif de 
cellules d'ecoulement en accord avec ledit 
deuxieme signal de controle. 

Precede pour corriger une difference dans la 55 
position entre un centre d'ecoulement d'un flui- 
de (22) transportant des particules (24) t un 
centre d'un faisceau de lumiere (18) d'examen 



et/ou pour corriger une vitesse d'ecoulement 
du fluide (22) dans un appareil de photo-analy- 
se qui comprend un dispositif de cellules 
d'ecoulement (6) pour deverser un fluide enve- 
loppant (23) et le fluide transportant des parti- 
cules dans un courant laminaire dans lequel le 
fluide transportant des particules est enveloppe 
par le fluide enveloppant, des moyens opti- 
ques (1, 5, 7, 16) pour appliquer un faisceau 
de lumiere d'examen ayant une longueur d'on- 
de constante sur le fluide transportant des 
particules dans le dispositif de cellules d'ecou- 
lement pour mesurer la force de dispersion de 
la lumiere et/ou de fluorescence causee par 
les particules dans le fluide transportant des 
particules afin de produire un signal d'examen, 
et des moyens de traitement de signaux (17) 
pour traiter le signal d'examen des moyens 
optiques pour detecter les caracteristiques des 
particules telles que sorte, dimension, nombre 
et forme, 

caracterise par les etapes suivantes 
deverser des marqueurs qui emettent une fluo- 
rescence et/ou de la lumiere dispersee ayant 
une longueur d'onde constante quand les mar- 
queurs regoivent un faisceau de lumiere (18; 
29, 30) dans ledit fluide de protection (23) ou 
dans le fluide (22) transportant des particules, 
appliquer le faisceau de lumiere (18; 29, 30) 
sur ledit marqueur dans ledit dispositif de cel- 
lules d'ecoulement afin de mesurer la force de 
fluorescence et/ou de la lumiere dispersee 
causee par lesdits marqueurs afin de produire 
un signal de correction; 

calculer a partir dudit signal de correction une 
difference dans la position entre un centre 
dudit fluide transportant des particules dans 
ledit dispositif de cellules d'ecoulement et un 
centre dudit faisceau de lumiere d'examen 
et/ou une difference dans la vitesse d'ecoule- 
ment entre une vitesse d'ecoulement predeter- 
mined et une vitesse d'ecoulement reelle dudit 
fluide transportant les particules dans ledit dis- 
positif de cellules d'ecoulement afin de produi- 
re de fagon correspondante un premier signal 
de controle pour la correction de la position 
et/ou un deuxieme signal de controle pour la 
correction de la vitesse d'ecoulement; et 
deplacer de fagon correspondante le centre du 
faisceau lumineux d'examen vers le centre du- 
dit fluide transportant des particules dans ledit 
dispositif de cellules d'ecoulement en accord 
avec ledit premier signal de controle et/ou 
corriger la vitesse d'ecoulement dudit fluide 
transportant des particules vers une vitesse 
d'ecoulement predetermined en accord avec 
ledit deuxiem signal de controle. 
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Procede de correction seion ia revendication 4, 
dans lequel 

ledit deversement de marqueurs comprend ie 
deversement de marqueurs dans ledit fiuide 

(22) transportant des particules et 5 
ladite application du faisceau lumineux sur ies- 

dits marqueurs dans ledit dispositif de cellules 
d'ecouiement comprend I'etape d'oscilier ledit 
faisceau lumineux (18) d'examen dans une di- 
rection transversale a celle de recoupment du 10 
fiuide transportant des particules selon un an- 
gle (a) predetermine. 

Procede de correction selon la revendication 4, 
dans lequel 75 
ledit deversement de marqueurs comprend le 
deversement de differents marqueurs qui 
emettent une fluorescence et/ou une lumiere 
dispersee ayant une longueur d'onde constan- 
te differente Tune de I'autre quand un faisceau 20 
lumineux est regu dans le fiuide enveloppant 

(23) de chaque cote de I'ecoulement du fiuide 
(22) transportant des particules, et 

ladite application du faisceau lumineux sur les- 
dits marqueurs dans ledit dispositif de cellules 25 
d'ecoulement comprend la separation de deux 
faisceaux lumineux (29, 30) de correction dudit 
faisceau lumineux (18) d'examen au moyen 
d'une grille de diffraction (26) pour les appli- 
quer respectivement sur lesdits marqueurs de 30 
chaque cote du fiuide (22) transportant des 
particules de fagon a ce que les centres des 
deux faisceaux lumineux (29, 30) de correction 
soient deplaces par rapport aux centres des 
courants (31, 32) des marqueurs dans des 35 
directions opposees I'une a Pautre. 
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